Bone marrow-derived cells (BMDCs) contribute to postnatal vascular growth by differentiating into endothelial cells or secreting angiogenic factors. However, the extent of their endothelial differentiation highly varies according to the angiogenic models used. Wound healing is an intricate process in which the skin repairs itself after injury. As a process also observed in cancer progression, neoangiogenesis into wound tissues is profoundly involved in this healing process, suggesting the contribution of BMDCs. However, the extent of the differentiation of BMDCs to endothelial cells in wound healing is unclear. In this study, using the green fluorescent protein-bone marrow chimeric experiment and high resolution confocal microscopy at a single cell level, we observed no endothelial differentiation of BMDCs in 2 acute wound healing models (dorsal excisional wound and ear punch) and a chronic wound healing model (decubitus ulcer). Instead, a major proportion of BMDCs were macrophages. Indeed, colony-stimulating factor 1 (CSF-1) inhibition depleted approximately 80% of the BMDCs at the wound healing site. CSF-1-mutant (CSF-1 op/op ) mice showed significantly reduced neoangiogenesis into the wound site, supporting the substantial role of BMDCs as macrophages. Our data show that the proangiogenic effects of macrophages, but not the endothelial differentiation, are the major contribution of
Introduction
Vasculogenesis describes the process of de novo blood vessel formation from vascular precursor cells. Formation of the first major vessels, such as the dorsal aorta or the cardinal veins, is well known to occur through embryonic vasculogenesis. 1 However, the involvement of vasculogenesis in postnatal vessel growth is largely unclear. The concept that bone marrow-derived cells (BMDCs) contribute to postnatal neoangiogenesis via endothelial differentiation was first proposed by Asahara et al. 2 They named a cell population of BMDCs with the capacity to differentiate into endothelial cells as endothelial progenitor cells (EPCs). Since then, endothelial differentiation from BMDCs has been widely accepted as a substantial mechanism for vascular repair in ischemic tissues and for neoangiogenesis required for tumor growth and metastasis. 3, 4 However, there has been apparent controversy surrounding the temporal and quantitative aspects of endothelial differentiation from BMDCs. [5] [6] [7] The lack of a unifying specific marker to define EPCs complicates the situation. 8 One possible explanation for this controversy is that the majority of BMDCs recruited to the tumor vessels may be incorporated only at early phases of tumor vascular growth but not at later stages. 9 BMDCs may not have a long-term endothelial fate but rather may find roles as vascular supportive cells. 10 Otherwise, the highly variable extent of endothelial differentiation from BMDCs may reflect differences in genetic background or the nature of the angiogenic stimulus. 4 On the other hand, recent reports showed that direct contribution of endothelial cells may not be a major mechanism in BMDC-mediated enhancement of angiogenesis. Instead, they reported that paracrine factors of BMDCs appear to play a central role. 7, 11, 12 Cutaneous wound healing is an intricate process in which the skin repairs itself after injury. BMDCs participate in this process as various cell types, such as inflammatory cells, fibrocytes, and mesenchymal stem cells, 13 and not only release cytokines, promoting wound repair, but also differentiate into keratinocytes and dermal myofibroblasts. 14, 15 Neoangiogenesis into healing tissues is profoundly involved in this process. Therefore, the roles of BMDCs in tumor angiogenesis described earlier in the "Introduction" have implications with respect to wound healing. Currently, it is generally understood that circulating EPCs contribute to a proportion of endothelial cells in wound healing tissues. 13, 16 In accordance with this, transplantation of cultured or isolated EPCs accelerates wound closure and promotes neoangiogenesis into wound tissues, suggesting that exogenous EPC transplantation could be useful in dermal wound repair and skin regeneration. 11, 17 However, there has been neither high resolution confocal analysis at a single-cell level showing the participation of BMDCs in newly forming endothelial tubes nor a quantitative analysis for the extent of BMDC endothelial differentiation. Therefore, there is no definite confirmation that BMDCs differentiate into mature endothelial cells in the process of wound healing.
Macrophages are white blood cells present in many tissues, produced by the differentiation of monocytes in a colony stimulating factor-1 (CSF-1)-dependent manner. 18 Their role is to phagocytose cellular debris and pathogens and to stimulate lymphocytes and other immune cells to respond to the pathogen. Moreover, recent accumulating evidence shows that macrophages contribute to angiogenesis both in physiologic and pathologic settings. [19] [20] [21] [22] De Palma et al reported that a major contribution of BMDCs in tumor angiogenesis is the proangiogenic effects of macrophages. 23, 24 In this study, we thoroughly examined endothelial differentiation of BMDCs in the process of wound healing through highresolution confocal microscopy. Most of the BMDCs were shown to be CSF-1-dependent macrophages. Moreover, CSF-1-mutant (CSF-1 op/op ) mice (op ϭ osteopetrotic), which have a greatly reduced number of macrophages, showed significantly delayed wound healing and reduced neoangiogenesis into the wound healing area, supporting the substantial effects of BMDCs as macrophages in wound healing.
Methods
Mice C57BL/6 mice (SLC), CSF-1 op/op mice (The Jackson Laboratory), and CAG-EGFP transgenic mice (The Jackson Laboratory) were used. In some control experiments, we used Flk-1 ϩ/EGFP mice 25 and LysM-Cre mice 26 crossed with Flox-CAT-EGFP mice 27 (LysM-Cre/Flox-CAT-EGFP). All animal experiments were approved by Keio University and were performed in accordance with the Guidelines of Keio University for Animal and Recombinant DNA experiments.
GFP-bone marrow chimeric experiment
Reconstitution of mice with green fluorescent protein positive (GFP ϩ ) bone marrow cells was performed as described elsewhere. Two-month-old recipient C57BL/6 mice were lethally irradiated with a total dose of 9 Gy, and 300 L of cell suspension of the mononuclear cells (5 ϫ 10 6 ) harvested from CAG-EGFP transgenic mice was administered via tail vein injection. Three months after transplantation, FACS analysis revealed that the recipient cells were replaced by donor-derived GFP ϩ cells at a rate of more than 90% in the peripheral blood (data not shown). Thereafter, we applied wound healing models to the GFP-BM chimeric mice.
Dorsal excisional wound model
A full-thickness excisional wound was made using a sterile biopsy punch with a diameter of 4 mm (Keisei Medical Industrial) on the dorsal region as previously described. 28 The wounds were left open, and the animals were housed in individual cages. Dorsal wounds were macroscopically monitored by taking digital photographs at indicated time points. The wound areas (percentage of wound area to initial wound area) were calculated from the photographs using ImageJ software Ear punch wound model A 1.5-mm hole was made in the center of the ears using a metal ear punch (Natsume) as described elsewhere. 31 
Decubitus ulcer model
Development of decubitus ulcers was performed as previously described. 32 Briefly, mice were anesthetized, bilateral skin covering hind limbs was cut down, and 5-mm length of bilateral sciatic nerve was removed. Mice were housed free in less straw-bedded cages.
Histologic and morphometric analysis
Removed wound tissues were fixed by 4% paraformaldehyde in PBS overnight. Then, tissues were saturated in 30% sucrose for 24 hours and embedded in cryofreezing medium. Cryosections (10-m thickness) were prepared and stained with hematoxylin and eosin or were subjected to immunohistochemical analysis. The primary monoclonal antibodies included hamster anti-CD31 (2H8; Chemicon International), rat anti-CD31 (MEC 13.3; BD Biosciences PharMingen), ␣-smooth muscle actin (1A4; fluorescein isothiocyanate or Cy3-conjugated; Sigma-Aldrich), and F4/80 (CI:A3-1; Serotec). The primary polyclonal antibodies included anti-GFP (Invitrogen; Alexa488-conjugated), collagen IV (Cosmo Bio), and keratin5 (Covance). After several washes in PBS, sections were incubated for 1 hour at room temperature with the following secondary antibodies: AlexaFluor-488 fluorescence-conjugated IgGs (Invitrogen) or Cy3/Cy5/DyLight549/ DyeLight649-conjugated IgGs (Jackson ImmunoResearch Laboratories). In preparation for nuclear staining, specimens were treated with 4,6-diamidino-2-phenylindole (Invitrogen). For the 5-bromo-2Ј-deoxyuridine (BrdU) incorporation assay, 100 g of BrdU (BD Biosciences PharMingen) per gram of body weight dissolved in sterile PBS was injected intraperitoneally 2 hours before death. Prepared sections were stained using a BrdU immunohistochemistry system (Calbiochem).
Whole-mount immunostaining
Preparation of whole-mount samples was performed as previously described. 19 Removed wound tissues were fixed in 4% paraformaldehyde in PBS overnight and stored in methanol at Ϫ20°C. For immunohistochemistry, samples were stained in primary antibodies diluted in 0.1% Triton X at 4°C for 2 days. Staining with secondary antibodies in 0.1% Triton X was performed overnight. Thereafter, samples were postfixed in 4% paraformaldehyde in PBS overnight. Then, the samples were mounted using a Prolong Antifade Kit (Invitrogen).
Flow cytometric analysis of dissociated cells in wound tissues
Wound tissues were minced with a scalpel and incubated for 30 minutes at 37°C in Dulbecco minimum essential medium containing 1% collagenase D (from Clostridium histolyticum) and 1 unit/mL dispase. Dissociated single cells were preincubated with Fc block (BD Biosciences) to avoid nonspecific binding of antibodies and then incubated with intended antibodies. Stained samples were analyzed by SORP FACSAria (BD Biosciences) with FlowJo software Version 7.6.3 (TreeStar) or CELLQuest Pro software Version 5.1 (BD Biosciences). Debris and dead cells were excluded by forward and side scatter and a negative gate for propidium iodide staining. The primary antibodies included anti-vascular endothelialcadherin, anti-CD45, anti-F4/80, anti-CD11b, anti-CD86, anti-CD48 (eBioscience), anti-Mrc1/macrophage mannose receptor (R&D Systems), and anti-LYVE-1 (RELIATech).
Quantitative reverse-transcribed PCR analysis
Total RNA was prepared from wound tissues or from isolated cells by FACS, and reverse transcription was performed using Superscript II (Invitrogen). Quantitative polymerase chain reaction (PCR) assays were performed on an ABI 7500 Fast Real-Time PCR Systems using TaqMan Fast Universal PCR master mixture (Applied Biosystems) and TaqMan Gene Expression Assay Mix of csf-1 (Mm00432688_ml), csfr-1
, and cxcl12 (Mm00445552_ml). A mouse ␤-actin (Mm00607939_sl) assay mix served as an endogenous control. Data were analyzed by 7500 Fast System SDS Software, Version 1.3.1. Each experiment was performed with 4 replicates from each sample, and the results were averaged.
Western blotting
Western blot analysis was performed as described elsewhere. 19 The first antibodies used were anti-vascular endothelial growth factor (VEGF),
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BLOOD, 12 MAY 2011 ⅐ VOLUME 117, NUMBER 19 For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From anti-matrix metalloproteinase-2 (MMP-2), or anti-MMP-9 (Santa Cruz Biotechnology). The amount of total protein was examined by reblotting with anti-␤-actin (Sigma-Aldrich). Figures 1B-D, 2B , K, and 6A, O, P) were captured by a digital camera, FinePix Z70 (Fujifilm) in a closeup mode, and were exported into jpg format.
Confocal microscopy and image acquisition

Statistical analysis
All results are expressed as the mean Ϯ SD. The comparison between the averaged variables of 2 groups was evaluated using the 2-tailed Student t test. P values of Ͻ .05 were considered statistically significant.
Results
BMDCs do not differentiate into endothelial cells in dorsal excisional wounds
The initial step in our study was to examine the distribution of BMDCs in one of the most popular wound healing models, the dorsal excisional wound model 28 ( Figure 1A) . Immunohistochemical analysis of mice reconstituted with GFP ϩ bone marrow cells revealed that GFP ϩ cells are abundant at the wound healing edge compared with that in the unwounded tissue ( Figure 1B-D) . High resolution confocal images showed that none of the vascular endothelium is stained for GFP ( Figure 1F -H) (Ͼ 50 fields of view in each period), suggesting that BMDCs do not differentiate into endothelial cells in the healing process for dorsal excisional wounds. Although most GFP ϩ cells located perivascularly in unwounded tissues ( Figure 1F ), numerous GFP ϩ cells were detected in the area distant from the vessels in the wound healing area ( Figure 1G-H) . For control experiments to discriminate between vascular and perivascular localization of GFP ϩ cells, we used Flk-1 ϩ/EGFP mice 25 and LysM-Cre/Flox-CAT-EGFP mice. 26, 27 In accordance with the nature of these mice, GFP was detected only in endothelial cells of Flk-1 ϩ/EGFP mice ( Figure 1J ), and myeloid cells of LysM-Cre/Flox-CAT-EGFP mice ( Figure 1K ). Next, we used whole-mount tissue immunohistochemistry, a technique suitable for confocal microscopy, to discriminate the cellular localization between endothelial lumen and perivascular space. 7, 19 Using this methodology, we found all GFP ϩ cells near the vessels are located perivascularly (Ͼ 50 fields of view; Figure 1E,I ). FACS analysis for dissociated cells in wound tissues at day 7 indicated that none of the GFP ϩ cells was positive for the endothelial marker, vascular endothelial-cadherin ( Figure 1L ). Instead, approximately 85% of GFP ϩ cells were positive for the pan-hematopoietic marker, CD45 ( Figure 1L ). These data suggest that BMDCs recruited into wound tissues do not differentiate into endothelial cells but are mostly hematopoietic cells.
A major proportion of BMDCs recruited into wound tissues are macrophages
Previous studies have implicated that most BMDCs recruited into tumors are monocyte-lineage cells. 7, 12, 23 Therefore, we examined expression of a macrophage marker F4/80 in unwounded and wounded tissues of mice reconstituted with GFP ϩ bone marrow cells. Most GFP ϩ cells expressed F4/80 (Figure 2A-O) , suggesting that the major contribution of BMDCs in the dorsal excisional wound model is participation as macrophages. In control experiments, GFP ϩ F4/80 ϩ macrophages were only detected in LysM-Cre/ Flox-CAT-EGFP mice but not in Flk-1 ϩ/EGFP mice (Figure 2P-Y) . FACS analysis for dissociated cells in wound tissues at day 7 indicated that approximately 70% of GFP ϩ cells were positive for CD11b ( Figure 2Z ), although F4/80 expression in FACS analysis was relatively weak ( Figure 2Z ) as indicated in a previous study. 33 Taken together, a major proportion of BMDCs recruited into dorsal excisional wounds are macrophages.
BMDCs do not differentiate into endothelial cells in ear punch wounds
We used another acute wound healing model, the ear punch wound model, in which vessel growth is known to profoundly affect the epidermal closure 31, 34 ( Figure 3A-B) . Four days after wounding, GFP ϩ BMDCs were abundant at wound healing edges compared with the area distant from the wounds (Figure 3C-D) . Similar to that of the dorsal excisional wounds, none of the vascular endothelium was stained for GFP, suggesting that BMDCs do not differentiate into endothelial cells in the ear punch wound model ( Figure 3D-E) . Instead, most GFP ϩ cells in the wound healing edges coexpressed F4/80 ( Figure 3F-J) , suggesting that the major BLOOD, 12 MAY 2011 ⅐ VOLUME 117, NUMBER 19 For personal use only. on April 15, 2017. by guest www.bloodjournal.org From contribution of BMDCs in the ear punch wound model is participation as macrophages.
BMDCs do not differentiate into endothelial cells in decubitus ulcers
So far, most experimental and molecular approaches to clarify the mechanism underlying human wound healing have been limited to the findings in animal models of acute wound healing. However, in clinics, a major problem in wound management is the refractory nature of chronic wounds, such as diabetic foot ulcers and decubitus ulcers. 35 Moreover, it is possible that BMDCs participate in the continuous remodeling of vessels as endothelial cells in chronic wounds. Therefore, we tested a mouse decubitus ulcer model. 32 In this model, GFP ϩ BMDCs were massively accumulated throughout the granulation tissues in the ulcer (Figure 3K-M) . However, similar to the 2 models of acute wound healing, none of the vascular endothelium was stained for GFP, suggesting that BMDCs do not differentiate into endothelial cells in the decubitus ulcer model ( Figure 3N ). Instead, most GFP ϩ cells in the wound healing edges coexpressed F4/80 ( Figure 3O-S) . These data suggest that BMDCs do not differentiate into endothelial cells in chronic or acute wounds.
Macrophages recruited into the wound tissues possess "M2 polarized" properties and express abundant MMPs
Macrophages are a heterogeneous population of cells that play diverse roles in pathologic situations, such as inflammation and cancer. 21 One classification of macrophages measures "macrophage polarization" and groups them into the activated (M1) or the alternatively activated (M2) type. 36 We examined the subtypes and gene expression profiles of macrophages in wound tissues. Using FACS, we isolated CD11b ϩ monocytes/macrophages from unwounded tissues or dorsal excisional wounds at day 7 ( Figure 4A ) and compared their expression levels of cell surface markers and the mRNA levels of paracrine factors. Macrophages in wound tissues showed higher expression of an M2 marker, Mrc1 (macrophage mannose receptor) 36 ( Figure 4B) , and lower expression of a M1 marker, CD86 36 ( Figure 4C ). Lower expression of nos2 and 
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OKUNO et al BLOOD, 12 MAY 2011 ⅐ VOLUME 117, NUMBER 19 For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From interleukin6 (il6) and higher expression of csfr-1 also represents the M2 phenotypes 36 in wound macrophages ( Figure 4I-J,P) . Although VEGFR1 and CD48 33 were higher, Tie2 23 was lower in wound macrophages than those in unwounded tissues (Figure 4D-E,G) . Wound macrophages showed higher expression of genes for angiogenesis-related MMPs, such as MMP-2, MMP-9, and MMP-13 ( Figure 4J-L) , which are also known to be provided by macrophages. 19, 28, 37 The expression of vegfa, angpt-1, 34 and cxcl-12 12 is lower in wound macrophages than those in unwounded tissues ( Figure 4M-O) . As the mRNAs harvested from whole wound tissues showed higher expression of vegfa, angpt-1, and cxcl-12 than those from unwounded tissues (data not shown), it is conceivable that cells other than macrophages (eg, epidermal cells and fibroblasts) are the major sources of these angiogenic factors. Moreover, CD11b Ϫ cells showed far more abundant expression of vegfa, angpt-1, and cxcl-12 than CD11b ϩ cells (data not shown). Macrophages might contribute to wound healing via matrix remodeling rather than secreting angiogenic factors in a paracrine manner.
CSF-1 inhibition mostly depletes BMDCs in wound healing
All of the results obtained in the GFP ϩ BM chimeric experiments indicated that the major contribution of BMDCs in wound healing is participation as macrophages. CSF-1 38 is a cytokine required for the differentiation of monocyte-lineage cells, including macrophages. 18 The expression of CSF-1 and the receptor CSFR-1 is up-regulated under conditions of increased macrophage recruitment, such as inflammation and cancer. 39 Therefore, we examined the expression of CSF-1 and CSFR-1 in the healing process of dorsal excisional wounds. Quantitative PCR analysis showed that the expression of CSF-1 and CSFR-1 increased as early as 2 days after wounding and peaked on day 7 ( Figure  5A-B) . Thereafter, the expression of CSF-1 and CSFR-1 decreased on day 14 to the expression level before wounding. These data suggest that the CSF-1/CSFR-1 signaling contributes to macrophage recruitment during wound healing as also observed in cancer progression. If the major contribution of BMDCs in wound healing is truly participation as macrophages, blocking CSF-1 signaling should mostly deplete BMDCs in wound tissues. To test this, we injected CSF-1 inhibitor (Ki20227) 29 or anti-CSFR1 neutralizing antibodies (AFS98) 30 into mice reconstituted with GFP ϩ bone marrow cells and applied the dorsal excisional wound model ( Figure 5C ). Ki20227 or AFS98 administration depleted approximately 80% of the GFP ϩ BMDCs in the wound healing site (Figure 5D-I) . For the GFP ϩ cells that remained after treatment with Ki20227 or AFS98, we still detected no GFP ϩ endothelial cells. These remaining GFP ϩ cells could be bone marrow-derived fibrocytes or mesenchymal stem cells. 
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Decreased neovascularization in the wound area of CSF-1 op/op mice
These results led us to examine the substantial effects of BMDCs as macrophages in wound healing. For this purpose, we used CSF-1-mutant (CSF-1 op/op ) mice and evaluated the role of CSF-1 signaling in the dorsal excisional wound model. Macroscopically, wound closure was apparently delayed in CSF-1 op/op mice on day 7 ( Figure  6A ). When we quantified the wound areas on days 0, 3, 5, 7, and 14, CSF-1 op/op mice showed a significantly larger raw surface from day 3 to day 10 than that for CSF-1 ϩ/ϩ mice ( Figure 6B ). Histologically, hematoxylin and eosin staining and keratin5 staining showed delayed epidermal closure in CSF-1 op/op mice ( Figure 6C-F) . Immunohistochemical analysis for ␣-smooth muscle actin showed delayed dermal contraction by myofibroblasts 13 Pharmacologic inhibition of CSF-1 decreased neovascularization in the wound area Next, we examined whether pharmacologic CSF-1 inhibition by Ki20227 treatment also delayed wound healing. We injected Ki20227 into mice in the dorsal excisional wound model. Ki20227-treated mice showed a significantly larger raw surface from day 3 to day 7 than that for vehicle-treated mice ( Figure 7A ). Immunohistochemical analysis for CD31 indicated significantly decreased blood vessel density at the wound edge in Ki20227-treated mice compared with that of vehicle-treated mice ( Figure 7B-D) .
Discussion
In this study, we showed that BMDCs do not participate as bona fide endothelial cells in both acute and chronic wound healing models. Instead, most of the recruited BMDCs were macrophages, confirmed by the fact that blocking CSF-1 signaling depleted most BMDCs recruited into the wound tissues. The substantial contribution of BMDCs as macrophages was demonstrated by significantly delayed wound healing and reduced neoangiogenesis into the wound healing area in CSF-1 op/op mice or mice treated with CSF-1 inhibitors.
A previous study showed that only approximately 50% of BMDCs are positive for CD45 in the excisional wound healing model. 15 Considering that CD45 is ubiquitously expressed in the hematopoietic lineage cells, including macrophages, this percentage seems low compared with our FACS analysis ( Figure 1L ) and our data showing that CSF-1 inhibition depletes approximately 80% of the BMDCs. This difference may be the result of the timing of wounding; Ishii et al 15 performed the excisional wound healing model at 4 weeks after bone marrow transplantation, whereas we performed the model 3 months after bone marrow transplantation. It is plausible that the number of BM-derived CD45 Ϫ nonhematopoietic cells may decrease in this time lag. Another explanation is that macrophage depletion may also decrease the level of other kinds of BMDCs, such as fibrocytes or mesenchymal stem cells, by affecting macrophage-derived paracrine factors. Actually, cell proliferation in granulation tissues decreased in CSF-1 op/op mice ( Figure 6T ). The expression of CD45 in fibrocytes decreases on differentiation or maturation of the cells, and this makes it difficult to recognize them by the CD45 marker. 13 Although our data indicated that the endothelial differentiation of BMDCs in wound healing is unlikely, certain conditions have shown a significant contribution of BMDCs as endothelial cells. It appears that BMDCs participate in the vasculature of certain aggressive cancer models but not in low-grade cancer models, wound healing models, or physiologic development. There are some reports that demonstrated a fairly high contribution of BMDCs as endothelial cells. In humans, more than 25% of the endothelial cells are derived from bone marrow in heart transplant patients. 40 Moreover, 12% of the endothelial cells are derived from bone marrow in certain lymphogenic tumors. 41 Using CSF-1 op/op mice, we found that CSF-1-dependent macrophages substantially contributed to neoangiogenesis in wound tissues. Regarding the molecular mechanism for macrophage contribution to wound angiogenesis, we found that the expression of MMP-2 and MMP-9, but not VEGF, is altered in CSF-1 op/op mice. Although it is extremely difficult to determine which factor is critical for that mechanism, it is expected that matrix remodeling through proteases may be the central role of macrophages as observed in tumor angiogenesis. 19 A recent study clearly demonstrated that macrophages promote endothelial tip cell fusion downstream of VEGF-mediated tip cell induction in the developing stage. 20 Although visualization of tip cells in wound healing edges is technically difficult, impaired tip cell fusion may underlie the reduced neoangiogenesis into wound tissues in CSF-1 op/op mice.
Finally, our data show that a proangiogenic effect of CSF-1-dependent macrophages, but not the endothelial differentiation, is the major contribution of BMDCs in the wound healing process. Blockade of CSF-1 signaling is one of the most promising strategies against various cancers and may potentially substitute VEGF blockade as an antiangiogenic therapy. 19, 21 Currently, several drugs that inhibit CSF-1 signaling are in early clinical trials. 21 Clinical BLOOD, 12 MAY 2011 ⅐ VOLUME 117, NUMBER 19 For personal use only. on April 15, 2017 . by guest www.bloodjournal.org From implications drawn from our study indicate that CSF-1 inhibition may impair wound healing as a possible side effect.
